The pathogenicity of Listeria monocytogenes as influenced by growth on crabmeat at 5 and 10°C was studied.
Listeria monocytogenes is a gram-positive, nonsporulating bacterium which has recently become firmly established as a food-borne pathogen. Listeriosis outbreaks in North America have resulted from consumption of contaminated vegetables (12) , pasteurized milk (5), soft cheese (2) , and, most recently, turkey frankfurters (3) . The organism is of particular concern to the food industry and public health regulatory agencies because it can grow at refrigeration temperatures (4°C) and is widespread in the environment (1) . Moreover, L. monocytogenes has been detected in virtually every food group.
The role of seafoods in listeriosis is less clearly established than the roles of other types of foods. Weagant et al. (15) reported that at least 26% of frozen seafood products contain L. monocytogenes. The bacterium was detected in raw shrimp and lobster, fin fish, surimi-based seafoods, and cooked shrimp and crabmeat. Lennon et al. (11) suggested that raw seafoods may have played a part in some listeriosis cases in New Zealand. However, raw seafoods may actually pose less hazard than cooked seafoods and surimi, since they are usually subjected to thermal treatment sufficient to kill L. monocytogenes immediately before being consumed. Surimi and seafoods cooked and offered for sale at retail outlets are often stored refrigerated for extended periods (2 weeks or more), increasing the potential for growth of L. monocytogenes and subsequent consumption.
Despite the common occurrence of L. monocytogenes in various types of foods, little information describing changes in pathogenicity which might occur upon growth of the organism in foods has been reported. Schlech 7 .0, 100 ml) was combined with each 50-g sample, and the mixture was gently massaged for 1 min. The contents of each bag were filtered through sterile glass wool, and the filtrate was collected in 250-ml centrifuge bottles. Samples were centrifuged at 4,000 x g for 10 min at 25°C. The supernatant fluid was decanted, and the pellet was suspended in 5 ml of 0.1 M potassium phosphate buffer (pH 7.0) containing 10% glycerol. The population of L. monocytogenes in buffered glycerol was determined by surface plating duplicate serially diluted 0.1-ml quantities on LiClphenylethanol-moxalactam (LPM) agar (10) . The remainder of the suspension was stored at -18°C until used in pathogenicity tests.
Cells recovered from crabmeat and recultured on TPB, as well as cells which had not originated from crabmeat but were cultured in TPB, were tested for pathogenicity. Duplicate 10-ml TPB cultures (24 h, 30°C) were centrifuged at 4,000 x g for 10 min at room temperature. The supernatant fluid was discarded, and the pellet was suspended in 10 ml of buffer. The suspension was again centrifuged, and the supernatant fluid was discarded. The pellet resulting from the second centrifugation was suspended in 5.0 ml of buffered 10% glycerol solution. The population of L. monocytogenes in this suspension was determined, and the remaining portion was stored at -18°C as described above for experiments using crabmeat. In experiments designed to confirm the pathogenicity of L. monocytogenes, dilutions (100 to 10-5) of suspensions collected from TPB cultures were made before cells were suspended in buffered 10% glycerol and stored (10
Enumeration of L. monocytogenes. Viable populations of L. monocytogenes in buffered glycerol suspensions were determined by surface plating duplicate serially diluted 0.1-ml quantities on LPM agar. Plates were incubated at 30°C for 44 to 48 h and examined for colonies of L. monocytogenes. Presumptive L. monocytogenes colonies were counted. Tests used for confirmation of L. monocytogenes were as described by Golden et al. (7) .
Procedure for testing pathogenicity. Pathogenicity of cells was tested by the basic procedure described by Stelma et al. (14) . Frozen L. monocytogenes cell suspensions from inoculated crabmeat and TPB were quickly thawed by immersing tubes in water at 20°C. Suspensions Preliminary experiments also revealed that i.p. inoculation of mice with 0.1 ml of either buffered 10% glycerol or buffered saline did not result in death.
Changes in pathogenicity as affected by growth on crab- Table 2 . As expected, buffer washes from crabmeat inoculated with L. monocytogenes had significantly greater pathogenicity than uninoculated control washes.
(i) Effect of temperature. Pathogenicity of L. monocytogenes cells isolated from crabmeat stored at 5 and 10°C did not differ significantly. Fewer deaths than expected were observed in the first two replicate experiments with mice injected with buffer washes from inoculated crabmeat stored at 10°C. However, additional pathogenicity tests using the same washes revealed that cells from crabmeat stored at 10°C were similar to those isolated from crabmeat stored at 5°C. Statistical analysis of combined pathogenicity data (four replicates) from 10°C compared with 5°C storage experiments indicated that temperature did not significantly affect pathogenicity.
(ii) Effect of time. Pathogenicity of L. monocytogenes V7 was not significantly affected by the length of time the organism was grown on crabmeat, regardless of incubation temperature or immune state of mice. The number of deaths was significantly higher in immunocompromised mice, regardless of time and temperature at which crabmeat had been stored. Although pathogenicity to immunocompromised mice appeared to be amplified on day 14 of storage at 10°C, differences were not significant.
(uii) Effect of reculturing L. monocytogenes isolates. Pathogenicity of recultured cells from crabmeat which had been stored at 5 or 10°C did not significantly differ from that of cells directly isolated from crabmeat or from that of cells which had not originated from crabmeat (Table 3) .
L. monocytogenes was isolated from spleen fluids of mice inoculated with buffer washes from inoculated crabmeats. Although L. monocytogenes was not isolated from spleens of mice which had been inoculated with control washes, a large, spherical yeast-like organism was detected. This organism was prevalent in spleens of several immunocompromised mice inoculated with control washes from crabmeat stored at 10°C.
DISCUSSION
On the basis of statistical analysis of data, the hypothesis that growth of L. monocytogenes on crabmeat changes pathogenicity must be rejected. Moreover, the data indicate no trends that would suggest that storing crabmeat at 5 or 10°C for up to 14 days would result in even a slight negative effect on pathogenicity.
Some have speculated that refrigerated foods might constitute a greater hazard for listeriosis than nonrefrigerated foods. This possibility is based on reports (4, 6, 9, 13) indicating that production of hemolysin, often correlated with pathogenicity of L. monocytogenes, is greater at 4°C than at 37°C. Indeed, Wood and Woodbine (16) 
